Isoscalar giant resonances and low spin states in 32 S have been measured with inelastic α scattering at extremely forward angles including zero degrees at E α = 386 MeV. By applying the multipole decomposition analysis, various excited states are classified according to their spin and parities (J π ), and are discussed in relation to the super deformed and 28 Si + α cluster bands.
I. INTRODUCTION
Giant resonances of nuclei are a clear manifestation of the strong collective excitation modes in many-body quantum systems. Detailed experimental and theoretical studies have been devoted to find out all possible giant resonances with various multipole transitions [1] .
Inelastic α scattering has been used as the most suitable tool to extract isoscalar multipole strengths. Since α particle has S = 0 and T = 0 and the first excited state is as high as The giant resonances in 24 Mg, 28 Si and 40 Ca have been already studied by both groups.
Among these light nuclei, of special interest are the giant resonances in 32 S with proton and neutron numbers of 16 . Various theoretical models such as mean-field approaches, the shell model, and cluster-structure and molecular-resonance points of view, have predicted that there must exist well-developed superdeformed (SD) bands at high excitation energies in 32 S.
This interesting prediction is made on basis of the concept that when the 32 S nucleus attains a superdeformed shape, with the ratio 2:1 for the long and short axes, nucleon number 16 becomes a magic number and the advent of a stable SD band is expected at high excitation energies [14] [15] [16] . Also, 32 S is a key nucleus to understand the relation between the SD structure in heavy nuclei and the cluster structure in light nuclei. The SD bands in many light nuclei, such as 36, 38 Ar, 40 Ca, and 56 Ni [17] [18] [19] [20] have been discovered in the last decade.
Therefore, many experiments have been performed [21] [22] [23] in order to search for the SD band in 32 S. However, no clear evidence for the SD band in 32 S has so far been reported.
In the present work, we report the results on the 32 S(α,α ′ ) experiment at E α = 386 MeV.
We find candidate states that might constitute the SD and 28 Si + α cluster bands in 32 S.
II. EXPERIMENT
The experiment was performed at the Ring Cyclotron Facility of Research Center for Nuclear Physics (RCNP), Osaka University. The details of the experimental setup and procedure are described in Ref. [3] . Here, we present the brief outline of the experiment and procedures specific to the present measurement.
Inelastic scattering of 386 MeV α particles from 32 S has been measured at forward angles
. In order to identify low-J π values of complicated overlapping states, background-free measurements in inelastic α scattering at forward angles including 0 • were greatly helpful. We used two self-supporting natural sulfur foils with thicknesses of 14.3 mg/cm 2 for 0 • and of 15.6 mg/cm 2 for finite angles. The sulfur target was prepared in the following procedure [24] . At first, the natural sulfur powder (the abundance of 32 S is 95.02%) was melted at the temperature of 112.8
• C. The liquid sulfur was solidified between a couple of the Teflon sheets with a well defined thickness. The target was kept cool during the measurement with liquid nitrogen by using the target cooling system described in Ref. [25] to avoid subliming the sulfur.
Inelastically scattered α particles were momentum analyzed in the high resolution spectrometer, GRAND RAIDEN [26] , and detected in the focal-plane detector system consisting of two multi-wire drift-chambers and two plastic scintillators. The scattering angle at the target and the momentum of the scattered particles were determined by the ray-tracing 
= 4
• -27
• to determine the nucleon-α interaction parameters with the same incident energy.
III. ANALYSIS
The MDA has been carried out to extract multipole transition strengths from E0 to E3, 
where a L (E x ) is the energy weighted sum rule fraction for the L component. In the DWBA calculation, a single-folded potential model was employed, with a nucleon-α interaction of the density-dependent Gaussian form, as described in Refs. [27, 28] . The nucleon-α interaction parameters are given by:
where the ground state density ρ 0 (r ′ ) was obtained using the point nucleon density unfolded from the charge density distribution [29] . The parameters V , W , α V,W , β V,W in Eq. (2) were determined by fitting the differential cross sections of elastic α-scattering measured for 32 S at E α = 386 MeV; the fit is shown in Fig. 2 , and the obtained parameters are presented in Table I . The value β V,W = -1.9 was adopted from Ref. [30] . The angular distribution of the 2.23 MeV 2 + 1 state was well reproduced with the known value of β 2 = 0.304 [9] . Contribution from the isovector giant dipole (IVGDR) component, arising from the Coulomb-excitation, was subtracted above the excitation energy of 10 MeV by using the gamma absorption cross section [31] . In the E x > 40 MeV region, IVGDR strength was approximated by the tail of the Breit-Wigner function to smoothly connect to the E x ≤ 40 MeV region.
IV. RESULTS Tables II and III. V. DISCUSSION
A. Strength distributions of the giant resonances
In light nuclei, the isoscalar giant monopole (ISGMR) strength is fragmented into the wide excitation energy region, as reviewed in Ref. [1] . In recent works on 24 Mg, 28 Si, 40 Ca, and 48 Ca [10, 12, [33] [34] [35] , a large part of the E0 strength was found over E x ∼ 20 MeV. The E0 strength in 32 S was also found to be fragmented in the wide excitation energy region from 6 MeV to 43 MeV as shown in Fig. 3(a) . The E0 centroid energy of 23.65
+0.60
−0.66 MeV is comparable to the empirical expression, E ISGM R ∼ 78 A −1/3 , of 24.6 MeV.
As for the centroid energy of the isoscalar giant dipole resonance (ISGDR), the E1 strength continues up to E x ∼ 50 MeV, as described in the previous section. The em- Since there are mirror configurations of the 12 C + α and 16 O + α clusters, these cluster structures lead the parity-doublet rotational bands. The appearance of a parity-doublet rotational band in the asymmetric intrinsic α cluster configurations is also explained by a cluster model with a deep potential [39, 40] .
The dashed and dotted lines in 
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